sary. When feasible, hepatic resection is the treatment of choice. Liver transplantation has been described in a small number of unresectable cases.
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In this review, we have summarized the results of a literature search into all reported cases of PHCT, with the view to gain further information relating to the clinical presentation, diagnosis and management of this rare disease.
Materials and Methods
A literature search was undertaken for all published studies focusing on PHCT, including both case reports and patient series. Articles were selected from the Medline, EMBASE and Cochrane Central Register of Controlled Trials (CENTRAL) databases using the following key words for the search: carcinoid * , liver, tumour, primary and hepatic. Potentially relevant studies were identified by the title and the abstract; then, the complete articles were assessed in detail. The patient's clinical data were extracted from the articles and inserted into a specifically designed Excel spreadsheet including demographic and clinical details of patients, type of treatment received, follow-up and survival. Data collection was carried out independently by two researchers (G.G. and C.N.D.L.).
Statistical Analysis
Data analysis was performed using the Statistical Package for the Social Sciences for Windows v13.0 (SPSS, Chicago, Ill., USA). Descriptive statistics for quantitative parametric variables were the mean and standard deviation (mean 8 SD). Normality assumptions were demonstrated with histograms, KolmogorovSmirnov and Shapiro-Wilk testings. Descriptive statistics for qualitative variables was performed with occurrences and described with relative frequencies. Median and range (minimum and maximum) were used to describe quantitative non-parametric variables. Kaplan-Meier survival curves were calculated using data on two variables reported for all patients: the first variable, called 'Status', denoted 'censored' cases (living patients at the end of follow-up) by '0' from 'event' cases (death for the disease) by '1'; the second variable was the duration of follow-up, expressed in months. The event defined on the SPSS software as 'target' was the patient's death.
Results
Sixty-nine cases meeting the inclusion criteria were identified . Eight of them were case series, the remaining 61 were case reports. Twenty-eight patients were male (40.6%). The median age at diagnosis was 50 years (range 8-83 years), and the highest incidence is in the fifth decade (23 cases), with only 5 cases under 40 years. The tumour was located in the right lobe in 49.3% of patients (34/69), the left lobe in 31.9% (22/69) and bilaterally in 14.5% (10/69; table 1 ). In 55 cases, the symptoms were described in detail. Although several clinical symptoms were reported ( table 2 ), the most common presentations were abdominal pain (23/69; 33.3%), or no symptoms at all (16/69; 23.2%). Interestingly, symptoms of carcinoid syndrome were described in only 13 cases (13/69; 18.9%), and in one case (1/69; 1.4%) the patient did not produce any hormone. When reported, the most frequent secreted hormones were gastrin (7/69; 10.1%) and chromogranin A (5/69; 7.2%; table 3 ).
No surgical treatment was adopted for 31.9% of patients (22/69). Of those treated surgically, 44 underwent hepatic resection (44/69; 63.8%) and 3 orthotopic liver transplantation (LT; 3/69; 4.3%) [7] [8] . The outcome was reported for 63 patients (63/69; 91.3%): 27 died during the fig. 1 ). In 3 patients, the length of follow-up was not specified.
The median follow-up of patients was 31 months (range 0-180 months): those that survived had a median followup of 39 months (range 2-174 months), whilst the median time point of those who died was 10 months (range 0-180 months). Three patients died within 30 days of liver resection, 4 patients were alive more than 10 years after surgery.
Discussion
PHCT are rare malignancies whose exact histological origins remain a mystery. They may originate from ectopic pancreatic or adrenal tissue found within the liver [9] , or from the intrahepatic biliary epithelium where neuroendocrine cells scatter within the gallbladder and the biliary epithelium during embryological development [49] . In this case, associated chronic inflammation of the biliary system would initiate intestinal metaplasia, predisposing to the development of neuroendocrine tumours [50] .
Our search found 69 cases of PHCT reported in the literature . Carcinoid syndrome is present in fewer cases when compared to liver metastatic carcinoid tumours [11] . It is also noteworthy that the major cause of 'primary' hepatic carcinoids are often cases of missed primaries. This is supported by the relative rarity of carcinoid syndrome, which is suggestive of a hind-gut origin. A proposed algorithm for diagnosis uses computed tomography (CT) and magnetic resonance imaging (MRI) initially, followed by octreoscan, upper and lower gastrointestinal endoscopy and explorative laparotomy for the exclusion of an extra-hepatic carcinoid tumour [7] . Even when all of these elements point towards a case of PHCT, a protracted long-term follow-up is necessary in order to exclude an underlying extrahepatic primary tumour that could have been mistaken by the diagnostic tools available [12] .
Failure to locate primary extrahepatic carcinoids is common, occurring in some 16% of cases [51, 52] . The radiological appearance of the hepatic mass can be helpful, as PHCT are typically solitary and centrally located, while a multi-nodular appearance is more suggestive of metastases [7] . Other diagnostic tools that may be considered are elevated blood chromogranin A, elevated urinary 24-hour 5-hydroxyindoleacetic acid [53] and, in cases of previous appendectomy, to review the appendix histology [54] . In spite of implementing this armoury of diagnostic tools, extrahepatic carcinoids can sometimes be diagnosed years after the initial treatment highlighting the shortcomings of the available techniques for the diagnosis of PHCT [55] . Therefore, it is necessary to reevaluate those patients that have been operated upon with clinical and biochemical investigations, a CT scan of the chest, abdomen and pelvis and octreoscan at long follow-ups [7] .
Surgical resection remains the mainstay of PHCT treatment. The same criteria for eligibility are applied in PHCT as those adopted in cases of more common liver tumours. With this treatment, good long-term prognoses have been described [7] . LT has also been successfully reported in a small number of unresectable cases [7] [8] . This is a well-recognized option in specific patients affected by neuroendocrine tumours that have metastasised to the liver when the mass is not resectable; it is associated with life-threatening hormone secretion (e.g. insulin or histamine) or does not respond to other procedures (i.e. local ablation or hepatic artery embolization) [56] [57] [58] . Arnold et al. [8] reported the case of a 35-yearold woman that, 4 years after the diagnosis of PHCT, presented with increasing lethargy, abdominal discomfort, profuse sweating and weight loss. Intraoperatively, large tumour masses were found in both lobes and a tiny cancerous deposit in one hilar lymph node. Thirty-eight months from the post-transplant, the patient was alive and free from disease [8] . In a further series of 8 PHCT patients, Fenwick et al. [7] reported the use of LT in 2 cases. In the first case, a 40-year-old woman presented with abdominal distension and pain. CT and MRI demonstrated a 12-cm centrally located liver tumour. Intraoperative ultrasonography showed that hepatic veins were extensively involved with the tumour. The patient was disease free 8 years after the LT, with no evidence of tumour on serial CT and somatostatin scan assessments. The second case was a 50-year-old man, whose MRI scan demonstrated a 12-cm tumour involving both the left and right branches of the hepatic portal vein, the hepatic artery and the hepatic ducts, but with no evidence of extrahepatic disease. Laparotomy revealed a bilobar unresectable tumour. Forty-five months after LT, the patient was disease free [7] .
All reports of LT for the treatment of PHCT showed no disease recurrence at 38, 45 and 95 months post-operatively [7, 8] , but follow-up is still inadequate to suggest a definitive role in the management of unresectable primary carcinoids. In fact, the potential for an undetected extrahepatic primary carcinoid being present leaves the adoption of LT open to debate, requiring further investigation to assess potential applications in this setting. For this reason, to date the mainstay of treatment for PHCT remains liver resection and appropriate prospective studies with long follow-ups should allow for improved evaluation of the merits of LT as an option for patients with unresectable hepatic masses.
Conclusions
Primary carcinoids of the liver are a rare and interesting entity that if correctly diagnosed and treated can achieve good long-term results. The major diagnostic pitfall resides in our current inability to accurately exclude other primary locations, including the appendix and small bowel. The development of novel diagnostic tools or improving the accuracy of current methods may enhance our ability to identify other primary locations. Once the surgeon is confident that the primary carcinoid is of hepatic origin, best practice remains surgical resection. However, in the light of positive outcomes for patients who received an LT, future large and prospective studies should evaluate this as an option for unresectable cases.
